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ROTATING ELECTRIC MACHINE W!TH V:AGHETIC CIRCUIT 

The rotating electric machines referred to herein comprise syn- 
chronous machines used primarily as generators for connection to distri* 

5 bution and transmission networks, in the following referred to as power 
networks. The synchronous machines are also used as motors as well as 
for phase compensation and voltage control and in that case as mechani- 
cally open-circuited machines. The tecmicai field also includes dual-fed 
machines, asynchronous static current ccn -erter cascades, outerpote ma- 

10 chines and synchronous flow machines, r: ese machines are intended for 
use with high voltages. High voltages shaii be understood here to mean 
electric voltages in excess of 10 kV. A typica: operating range for the ma- 
chine according to the invention may be 36 :c 300 kV. 

The use of high-voltage insulated electric conductors in the stator 

15 winding, the conductors in the following being termed cables, with solid in- 
sulation similar to that used in cables vv trar snaitting electric power (e.g. 
PEX cables), enables the voltage of ^serine to be increased to such 
levels that it can be connected dire c tiy c the: power network without an 
intermediate transformer. The need or fast, continuously adjustable reac- 

20 tive power is thus satisfied, connected directly to subtransmission or 
transmission level in order to deal with system stability and/or the depend- 
ence of rotating mass and e m.f, in the vicrni y of high-voltage direct cur- 
rent transmissions or, alternatively, tc generrte or consume high-voKage 
altemating current connected directly to subtransmission or transmission 

25 level. The station may be for a few MVA u j tc thousands of MVA, 

The obvious advantage is tha: tr^ r r: formers in whic* the reactance 
consumes reactive power are unnecessary, as are also traditional high- 
power circuit breakers. Advantages ar jis;: gained with regard to net- 
work quality since rotating compensaticn ^ r etained, and with regard to 

30 overload capacity which may be +lCOv- c .ch machines. The control 
range may be +100% for reactive power. 

However, problems may arise sir.cci .; ;e stator winding in such a 
high-voltage machine, with cable of the rypc cescribed. acquires consider- 
able radial dimensfon. At a given dis r aur .f the machine's air gap, the 

35 diameter increases in proportion to t e r j ;C 3r of turns of the winding and 
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the slots in the stator laminations car-ying the cable must be deep and the 
stator laminations numerous. 

The object of the present invention is to solve the above- 
mentioned problems and provide a rrachine v/\xh a smaller stator and thus 
5 an arrangement which is smaller in dimension but not in power. This ob- 
ject is achieved by the machine acccrding to the invention being given the 
characteristics defined in the claims. 

The invention will be described in more detail with reference to the 
accompanying drawings, in which 
10 Figure 1 shows a cross section through a cabis used in the invention, 

Figure 2 shows an axial section through a machine according to the in- 
vention, designed as a hydroelectric generator, 
Figure 3 likewise shows an axial section through a second embodiment 
of the machine according to the invention, 
15 Figure 4 likewise shows an axial section through a third embodiment of 
the invention according to tne invention, and 
Figure 5 likewise shows an axial section through a fourth embodiment of 
the invention according to the invention. 

20 The invention is in the firs: place intended for use with a high- 

voltage cable 1 of the type (Fig, 1) cuilt up of a core having a plurality of 
strand parts 2, an insulating layer 4 surrounding the inner semiconducting 
layer, and an outer semiconducting ;ayer 5, and its advantages are particu- 
larly pronounced here. The Hn vent en refers particularly to such a cable 

25 having a diameter within the interv^ 20-200 mm and a conducting area 
within the interval 80-3000 mm2. The cable therefore does not include the 
outer sheath that normally surrounds a cable for power distribution. 

The insulated conductor or high-voltage cable used in the present 
invention is flexible and is of the type described in more detail in 

30 WO 97/45919 and WO 97/45847 "he insulated conductor or cable is de- 
scribed further in WO 97/45918, WC 97/4593G and WO 97/45931. 

Accordingly, the windings, i: the arrangement according to the in- 
vention, are preferably of a type co ^spending to cables having solid, ex- 
truded insulation, of a type now use for power distribution, such as 

35 XLPE-cables or cables with EPR-in ilation. Such a cable comprises an 
inner conductor composed of one c more strand parts, an inner semicon- 
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ducting layer surrounding the conduct: ', a solid insulating layer surround- 
ing this and an outer semiconducting i ryer surrounding the insulating 
layer. Such cables are flexible, which I an important property in this con- 
text since the technology for the arran ament according to the invention is 
5 based primarily on winding systems in vvhich the winding ts formed from 
cable which is bent during assembly. ne flexibility of an XLPE-cable nor- 
mally corresponds to a radius of curvature of approximately 20 cm for a 
cable with a diameter of 30 mm, and r radius of curvature of approxi- 
mately 65 cm for a cable with a diameter of 80 mm. In the present appli- 
10 cation the term "flexible" is used to inc cate that the winding is flexible 

down to a radius of curvature in the or .er of four times the cable diameter, 
preferably eight to twelve times the c^ : ie diameter. 

The winding should be constr cted to retain its properties even 
when it is bent and when it is subjecte .: to thermal or mechanical stress 
15 during operation. It is vital that the layers retain their adhesion to each 
other in this context. The material pre :erties of the layers are decisive 
here, particutariy their elasticity and relative coefficients of thermal expan- 
sion. In an XLPE-cable, for instance, ^.e insulating layer consists of cross- 
linked, low-density polyethylene, and semiccnducting layers consist of 
20 polyethylene with soot and metal par : es mixed in. Changes in volume as 
a result of temperature fluctuations e complet :- 'y absorbed as changes 
in radius in the cable and, thanks to t z comparatively slight difference 
between the coefficients of thermal e mansion in the layers in relation to 
the elasticity of these materials, the r :dial expansion can take place with- 
25 out the adhesion between the layers eing lost. 

The material combinations s: -led above should be considered 
only as examples. Other combinatior : fulfilling the conditions specified 
and also the condition of being semi :nducting, i.e. having resistivity 
within the range of lO-'l-l 0^ ohm-cn e.g. 1-5G0 ohm-cm, or 
30 10-200 ohm-cm, naturally also fall Vv' "in the scope of the invention. 

The insulating layer may cor 3t, for exa^nple, of a solid thermo- 
plastic material such as low-density : ijiysthylena (LDPE), high-density 
polyethylene (HOPE), polypropylene PP), polybutylene (PB), polymethyl 
pentene ("TPX*^, cross-linked mater ,3 such as cross-linked polyethylene 
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(XLPE). or rubber such as ethylene p opylene rubber (EPR) or silicon rub- 
ber. 

The inner and outer semiconc jcting layers may be of the sante 
basic material but with particles of cc ducting rraterial such as soot or 
5 metal powder mixed in. 

The mechanical properties of these materials, particularly their 
coefficients of thermal expansion, are affected relatively little by whether 
soot or metal powder is mixea in or n t - at least in the proportions re- 
quired to achieve the conductivity ne assary according to the invention. 
10 The insulating layer and the semicor ctir.g lay:rrs thus have substantially 
the same coefficients of thermal expc nsion. 

Ethylene-vinyl-acetate copoly :^.ers/nitriic rubber (EVA/NBR), butyl 
graft polyethylene, ethylene-butyl-ac- ^ate copoiymers (EBA) and ethyl- 
ene-ethyl-acrylate copolymers (EEA) may also constitute suitable poly- 
1 5 mers for the semiconducting layers 

Even when different types ot material are used as base in the 
various layers, it is desirable for thei roefficients of thermal expansion to 
be substantially the same. This is the case with the combination of the 
materials listed above. 
20 The materials listed above h ■ /e reiatively good elastidty, with an 

E-modulus of E<500 MPa, prefersb! <2C0 lAPa. The elasticity is sufficient 
for any minor differences between t- ccsfficierts of thermal expansion 
for the materials in the layers to be ? osorbed in the radial direction of the 
elasticity so that no cracks ap^ar, any other damage, and so that the 
25 layers are not released from each o : er. T:^.e material in the layers is elas- 
tic, and the adhesion between the h ers is st ! -ast of the same magnitude 
as in the weakest of the materials 

The conductivity of the two miccnduciing layers is sufficient to 
substantially equalize the potentia! z :n9 i^acr. iayer. The conductivity of 
30 the outer semiconducting layer is c:^; :y hish to enclose the electrical 
field within the cable, but sufficient:; ; .ot io u:ve rise to significant 
losses due to currents induced in th : iongltudinai direction of the layer. 

Thus, each of the two semi onducting .a/ers essentially consti- 
tutes one equipotential surface, snc r.ssa iayo s will substantially enclose 
35 the electrical field between them . 
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There is, of course, nothing to ;revent one or more additi nal 
semiconducting layers being arranged In the insulating layer. 

In Figure 1, illustrating the insulated conductor or cable, the three 
layers are executed so that they adhere to each other even when the ca- 
ble IS bent The cable shown is flexible and this property is retained 
throughout the life of the cable. 

Figure 2 shows in axial section a first embodiment of a rotating 
high-voltage machine according to the invention, in this case in the form of 
a hydroelectric generator. The rotor sookes 8 are attached on the turbine 
shaft 6 which, in this case, is journalle in a singis guide bearing 7. These 
spokes support ttie rotor 9 with its exoitaiicn v.inaing 10. The stator 11 is 
supported from below on a fixed four dation 12, and coil ends 14 of the 
stator winding 13 protrude from the st- tor 1 1 . 

In comparison with hiqh-voltc -e rriachines proposed eartierp thus, 
the stator and rotor have exchanged r isces on each side of the air gap 15. 
This means that the slot deptf^ 16 for ^e stater v/mding 13 will be smaller, 
and also the number of staler lamina ;r:ns vi!! be fewer for a given air gap 
diameter 17. 

18 denotes brakes for the ro jr S, i rrn god on the fixed founda- 
tion 12 for friction engagement with t; e r: or. T'~3 arrows in Figure 2 indi- 
cate the flow of cooling air through the st-tor 1 1 

The poles 21 on the rotor : pronounced and since they are 
placed on the inside of the rotor 9, ^inr^t ir.z stator 11, the rotor ring can 
be run at high speed without risk of problems with regard to its strength as 
may otherwise be the case in the htg ^r spoad register. 

Figures 3-5 show three other mbca^n-ents of the machine accord- 
ing to the invention, designed as a h ircDiectric generator. These figures 
reveal various ways of utiiizing the o r ar- c p:- 27: with varying degrees of 
success. Figure 3 shov/s the stai: 11 mpr/ :,Gd from the fixed beam 
19, while the rotor 9 is supported l:y spci.^s : arranged below the stator. 
In ttiis case, however, t^o guide be rings.? : nd 20 are required for the 
shaft 6. 

Figure 4 shows a embodirr.'. t of Ire ir achine in which, as in Fig- 
ure 3, the rotor spokes 8 are arrange be : v .h : viator 11. The generator 
pit 22 is utilized better ana the total : eic ... 3 335 since the spokes 8 are 
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inclined slightly upwards. Howev r, two guide bearings 7 and 20 are still 
required. 

Figure 5 shows an even more compressed embodiment with the 
spokes 8 still further inclined. The machine has thus been compressed to 

5 such an extent that one guide bearing 7 is sufficient. 

The rotor 9 and stator 11 may be so dimensioned that at nominal 
voltage, nominal power factor and over-excited operation, the themially 
based stator and rotor current limits are exceeded approximately simulta- 
neously. However, they may also be dimensioned so that at nominal volt- 

10 age, nominal power factor and over-excited operation, the themnally based 
stator limit is exceeded before the thermally t>ased rotor current limit is ex- 
ceeded. At nominal voltage, nominal power factor and over-excited op- 
eration, the machine preferably has 100% overioad capacity for two hours. 
The synchronous reactance in transverse direction is suitably considerably 

15 less than the synchronous reactance in direct direction. The machine is 
suitably equipped with excitation systems enabling negative and positive 
excitation. 

The stator-winding phases in the machine are preferably Y- 
connected. The Y-point of the stator winding can then be insulated and 

20 protected from over-voltages by surge diverters. However, the Y-point of 
the stator winding may be earthed with the aid of a third-harmonic filter, 
i.e. a suppression filter between Y-point and earth. The suppression filter 
may be so designed that it greatly reduces or even eliminates third- 
harmonic currents through W& machine, while at the same time being di- 

25 mensioned so that voltages and currents are limited in the event of faults 
in the system. The third-hamionic filter may be protected against over- 
voltages by surge diverters connected in parallel with the third-hamnonic 
filter. 
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CLAIMS 



1. A rotating electric machine having a nnagnetic circuit for high volt- 
age, characterized by a stator (11) the winding of which com- 
5 prises a high-voltage cable (1). and a rotor (9) surrounding the stator (11), 
the cable (1) comprising a flexible conductor sunrounded by solid insula- 
tion having an inner layer with semiconducting properties, an insulating 
part and an outer layer with semiconducting properties. 

10 2. A device as claimed in claim 1 , characterized in that 
the layers are arranged to adhere to each other even when the cable is 
bent. 

3. A machine as claimed in claim 1 or claim 2, characterized 
15 in that the rotor (9) is rigidly connected to the machine shaft (6) for 

out-going or in-going kinetic energy via spokes (17) extending past the 
stator (11). 

4. A machine as claimed in claim 3, characterized in that 
20 the stator (11) is supported from below on a fixed foundation (12) and in 

that the rotor (9) is supported from above by spokes (8) extending over the 
stator (1 1 ) from the machine shaft (6). 

5. A machine as claimed in claim 3, characterized in that 
25 the stator (11) is supported from above by fixed radial beams (19) and in 

that the rotor (9) is supported from below by spokes (8) extending below 
the stator (11) from the machine shaft (6). 

6. A machine as claimed in claim 4 or claim 5, characterized 
30 i n t h a t the brakes (18) for the rotor are arranged on the fixed founda- 
tion (12) for friction engagement with the rotor (9). 

7. A machine as claimed in any of claims 1-6, characterized 
in that the rotor (9) has pronounced poles (21). 

35 
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